The paper considers the problem of the impact of the furring on the heating elements of mobile steam generating installation (SGI) Thus, problem, considered in the paper is rather important for the enterprises of oil and gas industry.
Introduction
Mobile steam generating installations (MSGI), mounted on the automobiles, are used in oil and gas industry for the dewaxing of wells, pipe lines, oil gas equipment by the saturated steam of high and low pressure, as well as for other every day necessities and industrial needs.
Analysis of the operation conditions shows that their amount in the enterprises of oil and gas industry is not equally distributed (installations are not concentrated in one region or territory). Oil and gas administrations or other enterprises, dealing with the operation of the wells, storage or transportation of oil or gas have one or, in better case, two steam generating installations.
For such organizations it is not expedient to create special technological systems for treatment of the feed water. If the distance to the place of steam generating unit operation is not long, the feed water of boiling units, supplied for heating of the premises and other everyday necessities, is used. These feed waters, used for the supply of steam and hot water boilers are different by their physical and chemical properties.
Problem set up
Operation of steam operating installations in field conditions at long distance from the main bases of their location (storage and maintenance) leads to the forced consumption of the water that is not prepared physical and chemically, as a rule, it is underground water or water from rivers, Scientific Works of VNTU, 2018, № 2 2 lakes, ponds, etc. By physical and chemical properties these waters do not meet the requirements of the operation instructions [1 -4] , according the requirements the hardness must be less than 10 mgeq/kg. According to different information sources [5 -7] the hardness of the natural non-prepared water varies from 0.5 to 5.0 mg-eq/l, it is at least 50 times less than it is provided by the operation instructions for steam generating installation operation [1 -4] . Functioning of steam generating installations on non-treated water leads to formation of the scale , which causes excess fuel consumption and failures of the boiler of steam generating unit due to coil burnout.
It is possible to solve the problem of avoiding (prevention) Fig. 1 . [1 -4] . The boiler is vertical, of cylinder form with twisted helical tubes, direct flow with bottom location of the burner.
1 -spark blowout; 2 -loop; 3 -cover; 4 -internal coil; 5 -external coil; 6 -internal housing; 7 -hole; 8 -burner; 9 -adapter; 10 -tray; 11 -helix; 12 -external housing; 13 -reject pipe Heating surfaces are made in the form of two cylindrical coils: external 5 and internal 4. External coil 5 in the upper part ends with flat helix coil 11. Ends of tubes of the external 5 and internal coil 4 are connected by a loop 2. The hole is closed by the cover 3, where cuts are provided in the places of loop pipes 2 passage. All the coils are made of boiler pipes 28х3.5 TS 14-3-460-75, pipes are made of steel 20. Space, formed by the cylindrical coils 4.5 and the wall of the internal housing of the boiler 6, is intended for the passage of flue gas.
Two cylindrical housings 6 and 12 of the boiler form circular chamber for the passage of air from the fan to the burner. For the passage of the air from the circular chamber into the tray 10 in its support there are holes 7.
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Across the pipe the flue gases from the engine of the motor vehicle enter the lower chamber and provide the heating of the boiler and pump in winter period during the trip of the installation. Spark blow out of the mash type 1 is installed in the pipe of the boiler.
Adaptors 9 of the soot blower are brought outside of the boiler tray 10. In the bottom of the boiler there is a trap, where burner 8 is mounted. Flue gases from the boiler of steam generator pass across the outlet tube 13.
Sources of fur formation. Scale and hard deposits are formed on the internal walls of the vessels of the steam evaporators and heat exchanging units, where evaporation or heating of the water takes place that contains various salts. The formed layer of substances may be called scale when its thickness achieves the size, that causes dangerous overheating of the metal walls or when the presence of these substances decreases economic efficiency of the unit operation. It should be noted that the layer of such substances, formed from the dissolved or weighted in the water compounds is called fur [8] . Fig. 2 shows the available scale in the pipes of the coil. Substances, arriving with the feed water to steam generators of various types, under certain conditions are able either to form the scale or deposit in the form of sediment (sludge) [9] . Scale is formed as a result of the interaction of water or agents present in it, with the surface of the boiler metal, that transfers heat and as a result of deposition of the substances, dissolved in the water during its boiling, heating and evaporation.. Scale , formed in steam generators according to the classification [9] by its composition may be divided into 5 groups:
 alkaline earth scale, consisting of the compounds of Са and Мg. ;  cupric scale, consisting mainly of the metal copper;  iron scale, it is divided into silicate, ferrumsilicate, phosphatic and oxidic scales;  aluminaferrumselicate and silicate SіО 2 overload;  scale, consisting of highly soluble salts: NaРO 4 , Na 2 НРO 4 . By the predominant components deposits can be classified into silicon, sodium, magnesium, calcium, ferric, cupric, etc. [9] .
Silicon deposits are available in the flowing part of the steam turbines; they consist of amorphous silica and crystalline SiО 2 (α -quarts) with the admixture of various sodium silicates.
Sodium deposits are often called saline deposits. They are in the pipes of the steam superheaters, on the blades of turbines, sometimes in straight-through boilers.
Calcium deposits are divided into carbonate, sulphate, silicate and phosphate, they are formed in raw water preheaters, in the pipes of steam turbines condensers, in cooling devices of the engines, etc. In these devices mainly СаСО3 scale with the admixture of magnesium subcarbonate, silicic, Heat conduction of the scale is tens and often hundreds times less than heat conduction of steal, heat exchangers are made of. That is why, even the thinnest layer of the scale creates great thermal resistance, that leads to overheating of pipes and their ruptures [10] .
Requirements to the feed water Incorrectly treated water, used in the process of steam generating installations operation [4] stipulates the emergence of the scale layer with low heat conduction coefficient and, as a result, high thermal resistance of the pipes walls. This, in its turn, leads to the decrease of the efficiency factor of the boiler, excess fuel consumption for obtaining the necessary volume of steam, as compared with the normative data, specified in the operating and maintenance manuals. This is explained by the fact that in direct flow installations, namely, steam generators, as a result of evaporation the concentration of the salts, dissolved in the water, sharply increases [4] .
Also, operation instruction [1 -3] provides that the concentration of the washing solutions depends on the solubility scale sample or depending on the thickness of the deposition layer from 0.5 mm to 1 mm and from 1 mm to 1.5 mm the concentration of hydrochloric acid is 3.4 and 5 %, correspondingly. Concentration of the solution of more than 8 % is not recommended.
In the process of steam generation with the dryness value of 0.7 the concentration of the salts, dissolved in the residual water increases 3.5 times. By the degree of steam dryness 0.8 the concentration of the dissolved salts in the residual water increases 5 times and by the degree of the generated steam dryness 0.9 it increases 10 times. If the content of the salts in the water exceeds the boundary of their solubility and salts solubility at high pressures decreases greatly, then the scale will deposit rapidly at the internal heating surfaces of the steam installation [4] . Making use of the already known recommendations [5] if the thickness of the layer is 5 mm, the excess consumption of fuel is 30 %, and if the thickness is 10 mm -it increases 2 times. The scale formed leads to the excess of fuel consumption, burnout and rupture of steam generator boiler coil.
In [4] the acid treatment of steam generator coil is recommended in 48 -72 hours of the operation. In this case rather large time interval of 24 hours is recommended, it is 50 % of the total operation time of the installation before the recommended cleaning. Operators, making use of such large interval of 48 -72 hours of operation, prior to decision regarding the necessity of clearing the coil, often work at maximum time limit and create the conditions for the excess fuel consumption for generating the necessary volume of steam as compared with normative data of operation manuals.
Aim and tasks of the paper
The aim of the paper is the analysis of modern measures, aimed at prevention and elimination of the scale from the coil of the steam generator as well as the impact of the scale layer thickness on the excess fuel consumption in the process of steam generation.
Calculation of the impact of the wall scale thickness on the excess fuel consumption of the mobile steam generating installation
As it is known, the scale layer has very low thermal conductivity 1.163 -3.79 W/(m·K) [11] , that leads to the decrease of the amount of heat, transferred from the gases to the water. In its turn, it will result in the increase of the excess fuel consumption at the same capacity.
We will perform the calculation of the change of fuel consumption depending on the deposit thickness.
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We assume the following output data: 
where d -is the external diameter of the coil tube, m; L -is the length of the coil tube, m. Calculation for the scale of 0…8 mm of thickness we will carry out by means of Excel program. Results of the calculation are presented in Table 1 . According to the results of the calculation, the conclusion can be made, concerning the considerable impact of the scale on fuel consumption, even if its thickness is small, this leads to considerable excess of fuel consumption especially at large enterprises, where a great number of steam installations operate.
Thus, the conclusion can be drawn that the usage of water, hardness of which is less than 10 µg-eg/kg, and timely washing of the boiler will increase the time of installation operation and decrease the operation expenses.
Measures, aimed at prevention of the scale on the internal surface of thermal generator coil
Analysis of the operation conditions of mobile steam generating installations shows that their number at the enterprises of oil and gas industry is dispersed on the territory (they are not concentrated in one region or territory). Gas and oil administrations or other enterprises have one, at their best, several steam generating installations. It is not expedient for such enterprises to organize special technological systems for treatment of the feed water as they often use the feed water of the boiling units, used for heating of the buildings and other everyday needs. In this case the difference of physical-chemical properties of the feed water for steam and hot-water boiler is not taken into account.
However, even if the installation operates on the treated feed water, the scale is formed on the walls of the coil, the scale decreases the efficiency of operation and requires the periodic elimination by means of acid treatment after 48 -72 hours of operation [4] . That is, the difference Scientific Works of VNTU, 2018, № 2 8 between boundary minimum and maximum of the time of the unit operation to recommended washing is 24 hours, it is 50 % of the time to boundary minimum. The operators, making use of such great variation (48 -72 hours) of the unit operation prior the decision-making regarding the necessity of cleaning the coil often work at maximal time limit and create the conditions for formation of the thick layers of scale and considerable excess fuel consumption for obtaining the necessary amount of steam, as compared with normative data of the operation manuals of steam generating installations.
Economically efficient method of scale deposit prevention is water softening by means of magnetic treatment [6] . The technology of such treatment consists in passing the water (at least 6 times) through the magnetic field in the direction, perpendicular to the action of the force lines of the magnetic field. As a result of such treatment, the salts, available in the water, do not form the scale but precipitate in the form of easily washed sludge. For the magnetic treatment devices with permanent and electric magnets, built in water-supply grid, are used.
In spite of the advantages of the magnetic treatment of water for the prevention of scale formation on the internal walls of the coils, this method did not find wide application. There is no scientific substantiation of the magnetic field impact on the properties of water [13] hence, the industrial application of the magnetic treatment of water for steam generation in thermal generators of the given type did not bring the desired results in spite of the fact that the cost of chemical treatment of water is far more expensive than the magnetic treatment.
The most actual by functional designation is a device for prevention scale deposit on the walls of the boiling tubes of the steam boilers [14] , which consists of the cleaning element, located in the coil (boiling tube), the cleaning element itself consists of the twisted, corrugated tin plates, inserted in the internal part of the coil (boiling tubes). As a result of the introduction of such element, the scale will deposit on the surface of the inserted corrugated tube, which is removed if polluted and is replaced by another one. However the complexity of manufacturing and operation of such construction as well as the decrease of heat conduction of the artificially formed double-layer wall of the coil complicated its application in heat power engineering.
The problem of scale deposit is solved by means of usage of the special device (Fig. 3) . The device consists of the tube 1 of the thermal generator coil, inserted in the tube 1 on the full length of the cleaning element, which contains flexible cable 2, wires 3, located and fixed in cable, manufactured from the softer material than the tube of the coil. In this case cable 2 and wires 3 form flexible cable-ware-brush.
Cleaning element, manufactured in the form of the flexible cable 2, equipped with wires, manufactured from the material softer than the material of the coil, and the length of the wires and their fastening on the cable provides the location of the cleaning element in the coil with tension.
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Manufacturing of the wired element from softer material will not wear the internal surface of the coil tube in the process of the interaction.
Introduction of the flexible cable in the construction of the cleaning element on the full length of the coil in the process of steam generation will prevent the scale formation on the total length of the coil.
In the process of steam generation in the coil of thermal generator, cable 2 is put in motion (the drive is not shown in Fig. 3) and contacts with the internal surface of the tube of the coil 1 by means of wires 3, built in it. As the wires 3 are mounted on the cable 2 in such a way, that they are located in tube 1 with the tension, then in the process of their contact with the internal surface of the tube 1 in case of possible scale deposit it will be eliminated from the surface and washed by steamwater mixture, available in the coil. During steam release, the created scale in the form of sludge will be eliminated from the tube 1 of the coil along with the steam.
The given device for the prevention of the scale deposit on the internal surface of thermal generators coils will enable to decrease the cost of the generated steam at the expense of fuel economy. Economic effect will grow with the increase of the output of steam generating installation itself.
Conclusions
On the base of the calculations, carried out, the conclusion is drawn and the regularities of the impact of the scale layer on the excess consumption of fuel by steam generating installations are obtained. The device, intended for minimization of the scale impact on the efficiency of the boiler and the cost of steam generation is proposed. The application of the given device will enable to save up to 10.5 % of fuel (approximately 121.5 kg/hrs). Taking into account the retail cost of the diesel fuel as 27 Uah/l it is possible to save 3280.5 Uah for an hour of the operation of one steam generating installation.
The important is the fact that economic fuel consumption will decrease ecological load. Thus, the problem, considered in the paper is rather important for the enterprises of oil and gas industry.
